INTRODUCTION
Since the development of free tissue transfer and microsurgical techniques in the 1980s, microvascular free flap tissue transfers have largely become the gold standard for reconstruction of complex head and neck defects. [1] [2] [3] One distinct advantage of free tissue transfer is its utility (surface area, volume, vascularity, diversity of tissue type) when compared to local or regional tissue transfer. As a result, a large variety of defect dimensions and locations can be reconstructed, allowing for larger oncologic resections, improved tissue coverage, and lower patient morbidity.
Over time, there have been significant changes in reconstructive techniques, with gravitation toward a narrower set of donor sites and a reduction in complication rates. 4, 5 The selection and outcomes of free tissue transfers in head and neck reconstructions were evaluated in this study. Outcomes were based on donor and recipient site, indication for reconstruction, and the use of an osteocutaneous versus a fasciocutaneous transfer. Despite the widespread use of this technique in the head and neck, not all free flap donor sites or recipient sites are equivalent. Furthermore, using a single percentile to describe failure rates is misleading. We evaluated patients who presented for a microvascular free flap reconstruction of a complex head and neck defect to better understand the potential risks and benefits of each type of free tissue transfer.
MATERIALS AND METHODS

Patient Selection
Institutional review board approval was obtained for review of a prospectively compiled database. All patients who presented between October 2004 and April 2011 for a microvascular free flap reconstruction of a head and neck defect were included (n ¼ 1,051). The selection of the donor site depended on the defect (cutaneous, soft tissue, or bone), patient comorbidities (diabetes mellitus, cardiac disease, immunosuppression), and surgeon preference. Demographic characteristics examined included surgical indication, duration of hospital stay, and complications. Complications were classified as either microvascular (partial or total flap loss) or nonmicrovascular (infection requiring surgical intervention, donor or recipient site hematoma, and fistula formation). Additional comorbidities were not analyzed despite their known impact on complications and flap outcome.
Statistical Analyses
Descriptive variables were summarized by mean (6standard deviation) for continuous variables and percentage, number for categorical variables. A Student t test was used to compare differences in means between groups. A one-way analysis of variance (ANOVA) was used to analyze relationships between categorical factors and continuous responses. A contingency analysis was used to analyze relationships between categorical factors and responses. Univariate analyses were performed using the Pearson bivariate correlation coefficient.
Multivariate analyses were performed to analyze the combined effects of multiple variables on various outcomes. A P value of<.05 was considered statistically significant. Statistical analysis was performed using Jmp 9.0.2 software (SAS, Cary, NC).
RESULTS
Patient and Flap Characteristics
The mean age of the patients was 61.9 years (range, 3-97), with the majority of the patients being male (74%, n ¼ 780). The vast majority of patients were Caucasian (81%, n ¼ 854), with the remaining being black (18%, n ¼ 187) or Hispanic (1%, n ¼ 8). A total of 1,051 microvascular free flap reconstructions were performed. Indications for reconstruction included defect following resection of a primary or recurrent malignancy (83%, n ¼ 876), a secondary reconstruction (14%, n ¼ 143), and radionecrosis (3%, n ¼ 32; Table I ).
The most common defect site was the oral cavity (40%, n ¼ 414), followed by hypopharynx/larynx (22%, n ¼ 234), cutaneous (20%, n ¼ 206), oropharynx (9%, n ¼ 98), midface (7%, n ¼ 76), and skull base (2%, n ¼ 23; Table II ). The distribution of microvascular free flaps used for reconstruction of the defects was as follows: fasciocutaneous radial forearm (53%, n ¼ 557), osteocutaneous radial forearm (16%, n ¼ 163), myocutaneous vertical rectus abdominus (11%, n ¼ 120), osteocutaneous fibula (10%, n ¼ 109), myocutaneous anterior lateral thigh (7%, n ¼ 77), and myofascial latissimus dorsi (2%, n ¼ 25; Fig. 1 ). There was a significant correlation between the type of free flap used for the reconstruction and the location of the defect (P < .0001). The majority of myofascial latissimus dorsi (92%, n ¼ 23) and myocutaneous anterior lateral thigh (53%, n ¼ 41) free flaps were used to construct cutaneous defects, whereas the majority of osteocutaneous radial forearm (60%, n ¼ 98) and fibular (99%, n ¼ 108) free flaps were used to reconstruct oral cavity defects. The majority of fasciocutaneous radial forearm free flaps were used for reconstruction of the hypopharynx/larynx (37%, n ¼ 206) and the oral cavity (28%, n ¼ 158). Finally, the myocutaneous vertical rectus abdominis free flap was most commonly used for reconstruction of the oral cavity (30%, n ¼ 36) and cutaneous (28%, n ¼ 33) defects. Stratification by defect subsite showed that fasciocutaneous radial forearm free flap was the most common donor site for cutaneous (48%, n ¼ 98), oral cavity (38%, n ¼ 158), oropharynx (75%, n ¼ 73), hypopharynx/larynx (88%, n ¼ 206), and skull base (52%, n ¼ 12) defects. The most likely free flap for reconstruction of midface defects was the osteocutaneous radial forearm free flap (62%, n ¼ 98).
A comparison of patient ages stratified by ranges ( Fig. 2 ) and type of free flap used for the reconstruction was found to be significant (P < .0001). When a Student t test was used to compare paired means of the patient ages, there was a significant difference between fibular (57.2 6 15 years of age) and latissimus dorsi (69.5 6 12 years of age; P < .0001), anterior lateral thigh (65.6 6 12 years of age; P < .0001), rectus abdominis (63 6 12 years of age; P ¼ .0006), and osteocutaneous radial forearm (62.9 6 15 years of age; P ¼ .0003). There was also a significant difference in the ages of patients being reconstructed with a latissimus dorsi free flap compared to fasciocutaneous radial forearm (61.4 6 12 years of age; P ¼ .0017), osteocutaneous radial forearm (P ¼ .016), and rectus abdominis (P ¼ .018) free flap reconstructions. In addition, there was a significant difference in the ages of patients reconstructed with a fasciocutaneous radial forearm and anterior lateral thigh free flap (P ¼ .006; Fig. 3 ).
Trends in microvascular reconstructions were observed over time (Fig. 4) . For analysis purposes, reconstructions performed in 2004 and 2011 were excluded, because 12 months of data were not available for these 2 years. At our institution, there has been a reduction in anterior lateral thigh and fibular free flap reconstructions, with rectus abdominis and latissimus dorsi reconstructions remaining fairly consistent, and an increase in the fasciocutaneous and osteocutaneous radial forearm free flap reconstructions performed (Fig. 4) . These trends were found to be statistically significant on contingency analysis (P < .0001). 
Length of Hospital Stay
The median length of hospital stay (LOS) was 7 days (range, 1-76), and the mean was 7.9 days (63.4). A comparison of LOS by location of the defects was found to the significantly different by one-way ANOVA (P < .0001). Cutaneous defects required the shortest duration of hospitalization (5.8 days, P < .0001). Comparison of paired means by Student t test found significant difference in LOS between cutaneous defects (5.8 6 3.4 days) and defects of the midface (8.0 6 6.0 days; P ¼ .002), oral cavity (8.2 6 4.0 days; P < .0001), oropharynx (8.9 6 5.0 days; P < .0001), hypopharynx/larynx (8.6 6 7.2 days; P < .0001), and skull base (8.7 6 3.7 days; P ¼ .008).
A comparison of LOS by type of microvascular free flap used for reconstruction found no statistical difference by one-way ANOVA (P ¼ .35; Fig. 5 ). However, when a Student t test was used to compare paired means, there was a significant difference between LOS following an osteocutaneous fibular (8.8 days) and osteocutaneous radial forearm (7.4 days) free flap reconstruction (P ¼ .035) and a trend toward significance between osteocutaneous fibular and anterior lateral thigh (7.4 6 5.7 days) free flap reconstruction (P ¼ .064).
The age of the patients was found not to affect LOS (P ¼ .39). An overall comparison of the LOS by the year of the reconstruction was not significant (P ¼ 0.34). However, when a Student t test was used to compare paired means, there was noted to be a trend over time to sending patients home earlier. We noted a significant difference between LOS in 2009 (7.3 6 3.9 days), 2005 (8.5 6 6.1 days; P ¼ .029), and 2006 (8.5 6 5.2 days; P ¼ .027), suggesting a reduction in hospital stay over time.
Microvascular Complications
A total flap loss occurred in 2.8% (n ¼ 29) of cases, and a partial flap loss was seen in 1.0% (n ¼ 10; Table  III ). Flap failure rates did not differ by the type of microvascular free flap used for the reconstruction (P ¼ .30). Flap survival was not affected by the location of the defect (P ¼ .61) or patient age (P ¼ .90). Total free flap failure rates were 3.2% for muscular free flaps (n ¼ 222), 2.9% for fasciocutaneous free flaps (n ¼ 557), and 2.2% for osteocutaneous free flaps (n ¼ 272; P ¼ .79). Free flap reconstruction for defects that resulted from radionecrosis had higher free flap failure rates (6.3%, n ¼ 2) compared to repair of composite resections for malignancy (P ¼ .04). Furthermore, reconstructions after composite resection for primary cancer (3.1%, n ¼ 13) or recurrence (2.0%, n ¼ 9) trended toward lower failure rate compared to secondary reconstructions (3.5%, n ¼ 5; P ¼ .06).
Nonmicrovascular Complications
The non-free flap-related surgical complication rate was 10%. This included hematoma formation (3%, n ¼ 30), recipient or donor site infection (4%, n ¼ 40), and fistula (3%, n ¼ 29). The incidence of a major complication was not affected by patient age (P ¼ .65) or location of the defect (P ¼ .10). The incidences of major complications stratified by donor site are as follows: myocutaneous rectus abdominis (14%, n ¼ 17) free flap, myofascial latissimus dorsi (12%, n ¼ 3), osteocutaneous radial forearm (12%, n ¼ 20), anterior lateral thigh (4%, n ¼ 77), and fibular (9%, n ¼ 10) free flap reconstructions (Table III) . However, type of free flap reconstruction was not found to statistically correlate with incidence of a major complication (P ¼ .39).
DISCUSSION
The versatility of free tissue transfer allows reconstruction of most complex defects; however, it carries (12) 17 (14) 54 (10) 20 (12) 10 (9) 4 (4) Flap loss
ALT ¼ anterior lateral thigh; F ¼ fibula; LD ¼ latissimus dorsi; OCRFFF ¼ osteocutaneous radial forearm free flap; RFFF ¼ radial forearm free flap; VRAM ¼ vertical rectus abdominis myocutaneous. significant risks, including longer operative times, donor site morbidity, recipient site complications, free flap failure, and longer hospital stays. As a result, careful consideration and evaluation are necessary prior to reconstruction. Several variables dictate donor site selection, including tissue composition, extent of defect, distance from recipient vessels, and surgeon preference. Postoperative care pathways on surgical wards, intraoperative setup time, and surgeon familiarity often make it desirable to identify a relatively narrow set of free flap donor sites. Although previous studies in free tissue transfer have evaluated risks based on preexisting medical comorbidities, here we focus on the surgical factors that may influence outcomes. This study sought to evaluate these trends and outcomes for a large cohort of microvascular free flap reconstructions of the head and neck.
The overall microvascular free flap failure rate was low (3%), with limited complications (10%). This failure rate is similar to previous publications, citing failure rates from 2% to 9%. 1, [6] [7] [8] [9] [10] In comparable large cohort studies (classified as >1,000 free flaps), average microvascular free flap failure has ranged from 3.4% to 4.2%. 1, 6, 7 Favorable reconstruction outcomes in the current study may be related to our reliance on a limited number of donor sites (in our case the majority being radial forearm) for improved tissue survival and lower complications, a trend that is in agreement with other publications on this topic. 4, 6 Cutaneous defects had shorter length of stay (mean, 5.8 days) and lower complication rates (6%) relative to defects of the midface, which were associated with more than double the number of complications (15%; P ¼ .02) and longer hospital stays (mean, 8.0 days; P ¼ .0002). Because cutaneous defects do not involve violation of the mucosal surfaces, the wounds are not exposed to salivary contamination. In addition to the sterility of the surgical field, access to the defect, shorter insetting time, and ease of postoperative monitoring are all favorable in cutaneous defects. It is not entirely clear why skull base and midface defects tended to have higher complication rates. It is often more difficult to achieve volume match and adequate flap closure is more challenging, which is perhaps in part due to the threedimensional nature of the defects. However, it may be that because cervical recipient vessels were most commonly used for the anastomosis, there may have been an additional gravitational effect contributing to vessel compromise. Additionally, passage of the vessels lateral to and overlying the mandible may increase the compressive forces on the vessels, also contributing to free flap failure. The result of these differences is evident in this study, with higher complications, higher flap failure, and longer hospital stays associated with defects above the angle of the mandible.
Whereas the majority of our patients were reconstructed with a fasciocutaneous free flap (74%), 26% underwent reconstruction with an osteocutaneous free flap. Interestingly, this series showed that osteocutaneous tissue transfers had fewer free flap failures than fasciocutaneous. Although osteocutaneous transfers had a slightly lower failure rate (2.2% vs. 2.9%; P ¼ .039), the rates of complications associated with the procedures were similar (11% and 10%; P ¼ .53). The failure rates and overall complication rates between fasciocutaneous and the osteocutaneous radial forearm free flap were not statistically different, suggesting that there was a limited increase in risk associated with bone reconstruction when using this flap. Our reduction in osteocutaneous failure rates is partly a reflection of the utility of the osteocutaneous radial forearm flap. Traditionally, fibula transfers encompassed the majority of osteocutaneous flaps in the head and neck. 11, 12 By taking advantage of the radial forearm vasculature, ease of harvest, and versatility of the graft, radial forearm free flaps have proven to be as reliable as fibula transfers. Although total failure rate is slightly lower in fibula reconstruction (1.8% compared to 2.5%; P ¼ .42), overall microvascular complications are higher with fibula transfer (5.8% compared to 3.5%; P ¼ .46) and hospital stay is increased (P ¼ .34). However, none of these differences proved statistically significant. The use of the osteocutaneous radial forearm free flap has gradually increased over time, and its indications have expanded, especially after it became clear that, despite its limited bone stock, the flap resulted in solid boney reconstruction.
11
Secondary bone reconstructions were associated with higher complication rates. Exposure of hardware, especially secondary to radionecrosis, was commonly associated with both the fibula and osteocutaneous forearm transfers. Because it is not specifically associated with the free tissue transfer, it was excluded as a variable from this analysis, but has been evaluated previously by our group. 11, 13, 14 In this series, a total of 877 patients required reconstruction for primary or recurrent malignancy and 175 for radionecrosis or secondary reconstruction. Microvascular free flap failure rates for defects that resulted from radionecrosis were higher (6.3%, n ¼ 2) compared to repair of composite resections for malignancy (P ¼ .04). These data are consistent with previous studies, indicating that radionecrosis carry a higher risk of flap-related complications. 13, [15] [16] [17] 
CONCLUSION
Interestingly, in our evaluation of 1,051 microvascular free flap reconstructions, the majority of parameters investigated were found to be equivocal. Free flap survival was not affected by location of the defect, age of the patient, or type of free flap used. Furthermore, the type of microvascular free flap used did not affect the incidence of non-microvascular complications or length of hospitalization. Cutaneous defects were associated with shorter lengths of hospitalization relative to other defect locations. Comparison of osteocutaneous free flap reconstructions found longer lengths of hospitalization following fibular reconstructions relative to radial forearm. Although several variables are considered in the planning of free flap reconstructions, outcomes at our institution were found to differ significantly only when stratified by defect location or by indication for reconstruction.
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